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Madura is an Indonesian indigenous cattle breed that has some superior traits 
and important functions for Madura farmers. Therefore, efforts to improve 
productivity of Madura cattle are necessary. Selection of Madura bulls based on 
both phenotypic and molecular information are some efforts that can be 
implemented. Inhibin A (INHA), inhibin BA (INHBA) and insulin-like growth factor 
1 (IGF1) are three candidate genes for exterior performance and reproduction 
traits that were explored in this study. The aims of this study were to investigate 
polymorphisms of the IGF1, INHA and INHBA genes in Madura bulls, to assess 
the association between identified polymorphisms/markers of the IGF1 and 
inhibin genes (INHA and INHBA) with semen production traits and body 
dimension traits related to body conformation of the Madura bull, and to identify 
and compare the potential genetic superiority (based on identified SNPs) of 
Madura bulls at SNAIC and Pamekasan, Madura. Semen and DNA samples from 
58 and 5 Madura bulls obtained from Pamekasan region and Singosari National 
Artificial Insemination Centre (SNAIC), respectively, were used. Body 
measurements, semen production traits assessment, single nucleotide 
polymorphisms (SNP) identification and association studies between identified 
SNPs and the observed traits were conducted. Results showed that there is only 
one SNP for INHA (INHA SNP4) had significant effects on sperm viability in the 
Pamekasan bull population. There were significant association indicated between 
a SNP for INHA (INHA SNP3) and IGF1 SNP with chest girth, body height and 
hip height. INHA SNP1, INHA SNP2 and INHA SNP4 are the most interesting 
SNPs since there is only one bull (Adikara) at SNAIC carrying the favorable 
genotype for those SNPs. The results of this study might be the starting point to 
select for superior Madura bulls at Pamekasan to select for bulls similar to 
Adikara in phenotype using genotyping. 
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Madura is an Indonesian indigenous cattle breed. They has known for 
their good adaptabilities to poor environment, and their immunity for various 
typical wet-tropical parasites and diseases. Moreover, these cattle have important 
functions and value for farmers in Madura. Therefore, efforts to improve 
productivity of Madura cattle are necessary. Artificial insemination (AI) has 
become a way to enhance the productivity of Madura cattle. Selection of Madura 
bulls for AI based on both phenotypic and molecular information are some efforts 
that can be implemented. There are some candidate genes that have been 
suggested to have role not only on male reproduction but also on body traits, 
such as IGF1 and the inhibin genes (inhibin α-subunit (INHA) and βα-subunit 
(INHBA)). The aims of this study were to investigate polymorphisms of the IGF1, 
INHA and INHBA genes in Madura bulls at Pamekasan, to identify and compare 
the potential genetic superiority (based on identified SNPs) of Madura bulls at 
SNAIC (especially for bull named Adikara which has become the most “favorite” 
bull of Madura farmers) and Pamekasan, Madura, to assess the association 
between identified polymorphisms/markers of the IGF1and inhibin genes (INHA 
and INHBA) with semen production traits and body conformation of the Madura 
bulls. 
Semen and DNA sample from 63 Madura bulls obtained from Pamekasan 
region (58 bulls) and Singosari National artificial Insemination Centre (SNAIC) (5 
bulls). Body measurements, semen production traits assessment, single 
nucleotide polymorphism (SNP) identification and association studies between 
the identified SNP and the observed traits were conducted. There were 1 SNP 
identified for IGF1, 4 SNPs for INHA and 1 SNP for INHBA (monomorphic). 
Results showed that there is only one significant effect of INHA SNP4 on sperm 
viability in the Pamekasan bull population. However, there were significant 
association indicated between a SNP in INHA (INHA SNP3) and the IGF1 SNP 
with chest girth, body height and hip height. 
INHA SNP1, INHA SNP2 and INHA SNP4 are the most interesting SNPs 
since there is only one bull at SNAIC carrying the favorable genotypes for those 
SNPs. The bull is named Adikara. It is the oldest bull at SNAIC. SNAIC still keep 
this bull since it is most preferred bull among the farmers in Madura. These 
resulst might be useful to support the replacement process for Adikara. Based on 
those three SNPs, there is only one bull in Batumarmar, Pamekasan that carried 
the same three favorable genotypes for INHA SNP1, INHA SNP2 and INHA 
SNP4 as Adikara, and later it is recognized that they have the same sire.   
The results of this study might be the starting point to select 
phenotypically superior Madura bulls at Pamekasan and bulls that similar to 
Adikara based on genotype. However, further study of the SNPs in the IGF1 and 
inhibin genes should be also undertaken in a larger population. It will be 
worthwhile to identify variants for all regions of the genes. Furthermore, studies 
on the function of IGF1 and INHA in male reproduction, skeletal muscle and bone 
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Indonesia has some indigenous cattle.  They are known to have good 
adaptabilities in a poor environment, such as wet tropical climates that have with 
various parasites, diseases, and low-quality feed (Sutarno, 2006). However, local 
Indonesian cattle have lower productivity than exotic introduced cattle. Madura 
cattle is one of the local Indonesian cattle breeds that were derived from Zebu 
and Bali cattle crossbreeding (Kikkawa et al., 2003), and it was found that they 
were 56 % Banteng (Bali cattle) mtDNA on Madura cattle (Mohammad et al., 
2009). Madura cattle have a brick-red or brownish red coat with a white pattern 
on the back, belly, and rump. They have small horns with upward curved shape 
(Sutarno et al, 2015). Madura cattle have good growth even on poor quality feed, 
with high meat percentage and good quality of meat (Sutarno et al., 2006). 
Madura cattle have the ability to run fast and can be used for bull racing 
(karapan), while for those that have good body appearance/performance can 
used as a display cattle (sonok). Those that are not used for these purposes are 
utilized as common beef cattle and slaughtered for their meat. In general, Madura 
cattle is one of the natural resources in Madura that has variety of functions: 
cultural functions (such as participating in traditional ceremonies), prestige/ social 
status (as karapan and sonok cattle), supporting the farming sector (as draught 
animals and producers of fertilizer) and as the source of income/business (beef 
cattle). Sonok and karapan cattle have not only prestige value but can also 
become a source of income since their selling prices are very high. Considering 
the importance of Madura cattle, an approach to increase the productivity of 
Madura cattle should be examined so that more Madura cattle will meet with the 




 Productivity can be enhanced by improving the management of cattle, 
such as the feeding, housing and reproduction systems. For example, 
reproductive technologies like artificial insemination (AI) can be used to improve 
the performance of Madura cattle. AI centers have a prominent role in selecting 
superior bulls so that they can provide good quality semen characteristics for the 
farmers. Candidate bulls are selected based on the performance of the bull 
(structural/physical soundness). This is important because for local Indonesian 
cattle, such as Madura cattle, the bulls are selected from the farmers who do not 
have good recording systems and pedigrees of their bulls. Singosari National 
Artificial Insemination Center (SNAIC) is one of National Artificial Insemination 
Centers in Indonesia. There are only few Madura bulls kept at the SNAIC and 
most of them are older bulls (more than five years old). There is one bull called 
Adikara (fourteen years old) which is very “famous” among the farmers in 
Madura. Thus, the demand for Adikara’s frozen semen has become the highest 
compared to the frozen semen from the other bulls. The farmers prefer to use 
Adikara’s frozen semen because they believe that Adikara is an offspring of a 
cow from Pasean and the farmers at Pamekasan believe that it was an “elite 
cow”. Another reason why the farmers prefer Adikara’s frozen semen is because 
they also believe that Adikara has a good exterior appearance and the offspring 
of Adikara also are believed to have good exterior performance (phenotypes). 
The exterior performance is not only related to the size of the bull (quantitative 
measurements) but also is related to the body conformation of the bulls (figure 1).  
Therefore, the replacement of ageing bulls, especially “preferred” bulls such as 
Adikara, needs to be planned in order to fulfill the requirements of the farmers at 
Madura. In this case, selection based on phenotypic traits supported by 




        
Figure 1. Two bulls at SNAIC, Adikara (a) and Pasean (b) 
Bull fertility has become an economically important trait for bull selection at 
SNAIC. There are some factors affecting bull fertility, including nutrition, 
reproduction tract soundness, quality of semen, libido and structural or physical 
soundness (Steckler, 2009). Body conformation could be included in physical or 
structural soundness factors. Body conformation is related to skeletal muscle and 
skeleton/bone development. Studies on candidate gene markers for exterior 
performance (such as body conformation and scrotal circumference) and semen 
production traits have been conducted (Sugule et al., 2006; Kastelic, 2013; 
Bertram 2003; Kastelic and Thundathil 2008; Waldner et al. 2010). Scrotal 
circumference is one of physical soundness traits that are commonly used to 
select bull for good semen production because of its close relationship with daily 
sperm production, semen quality and fertility (Bertram 2003; Kastelic and 
Thundathil 2008; Waldner et al. 2010). Genetic parameters of scrotal 
circumference have been reported. Moderate to high heritability of scrotal 
circumference has been reported (Bertram 2003; Garmyn et al. 2014; Kealey et 
al. 2006). Moreover, moderate to high correlations between scrotal circumference 
and semen characteristics (including semen quality) have been also found 
(Garmyn et al. 2014; Kealey et al. 2006). This implies that it should be possible to 




semen characteristics. Selection based on molecular information (marker 
assisted selection) can be conducted by investigating gene markers. Gene 
markers can be identified by investigating gene DNA variants. Marker assisted 
selection is the most common method usually applied to improve the traits using 
molecular information (Dekkers et al. 2002). 
Variants might cause the structure alternation of encoded protein due to the 
change in DNA sequence. As a result, variants could lead to an increase, a 
decrease or complete loss of protein expression so that they might also affect the 
phenotypic traits (Lodish et al., 2000). Variants arise from DNA mutations that 
can be either spontaneous or induced. Chemical instability of pyrimidine and 
purine bases and also errors during DNA replication might cause a spontaneous 
mutation. Moreover, natural exposure of animals to environmental factors, such 
as ultraviolet light and chemical carcinogens, can lead to mutations. A single 
nucleotide polymorphism (SNP) is a point mutation that changes a single base 
pair. In a population where no natural exposure to mutagens occurs, SNPs are 
more likely to exist because of crossbreeding that causes an introduction of a 
new allele to the population. Identifying SNPs in candidate genes can provide an 
important molecular tool that can be used for bull selection, since they could 
affect the phenotypic traits of the bulls (Lodish et al., 2000).  
Insulin-like growth factor 1 (IGF1) and the inhibin genes are some of the 
candidate genes that are suggested to have effects on body confirmation and 
semen production traits of the bulls (LirÓn et. al., 2012; Hiendleder et. al., 2000; 
Sang et. al., 2011). Insulin-like growth factor 1 (IGF1) gene is one of the identified 
candidate genes that affects the physical performance of the bull, especially the 
testicular growth (LirÓn et. al., 2012). It regulates the testicular growth (scrotal 




Inhibin is a protein dimer with two subunits, beta and alpha, and the beta 
subunit has two forms, A and B. The genes encoding the beta and alpha subunits 
are also potential candidate markers. Inhibin is a transforming growth factor β 
(TGFβ) superfamily member that affects modulation of pituitary FSH, the 
proliferation of spermatogonia and Leydig cells, and testosterone production 
(Hiendleder et. al., 2000). A study on Chinese Holstein bulls indicates that a 
single nucleotide polymorphism (SNP) in INHBA (inhibin βα-subunit) had a 
significant effect on semen volume, sperm motility, and sperm concentration, 
while a mutation in INHA (inhibin α-subunit) is associated with acrosome integrity 
rate (Sang et. al., 2011). Inhibin shares pathway with activin and it antagonized 
the activin’s role. Even though activin and inhibin were originally described as 
activator and inhibitor for the release and production of FSH, they also have role 
on the physiological process, such as erythropoiesis and nervous system. 
Moreover, they also responsible for energy metabolism and development, start 
from the embryonic development to fully differentiated cell and type (such as the 
skeletal muscle and bone development and growth) (Namwanje et al.,2016). 
Some studies in humans and experimental animals also indicated that inhibins 
(including INHA) have role in skeletal muscle and bone development and growth 
which are two important factors for body conformation (Perrien et al., 2007; 
Tahimic et al., 2013; Iizuka et al., 2014; Yoshida and Delafontaine, 2020). 
However, there are very limited number of studies that have examined the effects 
of inhibins on cattle skeletal muscles and bones. Moreover, there is no studies on 
the IGF1 and inhibin genes and their association with semen production traits in 
Indonesian local cattle, especially Madura cattle. Association studies of IGF1 and 
inhibins as candidate gene markers for both body conformation and semen 
production traits in Madura cattle should be beneficial as a starting point for the 




phenotypic traits and gene markers so that a higher accuracy of bull selection 
can be gained. Moreover, it is expected that the identified polymorphisms could 
be utilized to identify the potential genetic superiority of Madura bulls and thus, 
could assist selection for the replacements for Madura bulls at SNAIC.  
 
1.2. Problems of the Study 
 
There are four questions that were identified for this study: 
1. What are the polymorphisms in the IGF1 and inhibin (α-subunit and βα-
subunit) genes of Madura bulls at SNAIC and Pamekasan, Madura? 
2. Based on the identified polymorphisms, are there any similarities between 
genotypes of Madura bulls at SNAIC and Pamekasan, Madura? 
3. Is there an association between polymorphisms (marker) in the IGF1 gene, 
inhibin α-subunit (INHA) gene, and inhibin βα-subunit (INHBA) genes with 
semen production traits in Madura bulls? 
4. Is there an association between polymorphisms (marker) of IGF1 gene, 
inhibin α-subunit (INHA) gene, and inhibin βα-subunit (INHBA) genes with 
body conformation of Madura bulls? 
 
1.3. Objectives of the Study 
 
The objectives of this study were: 
1. To investigate polymorphisms of the IGF1, INHA and INHBA genes in 
Madura bulls, 
2. To identify and compare the potential genetic superiority (based on identified 
SNPs) of Madura bulls at SNAIC and Pamekasan, Madura, 
3. To assess the association between identified polymorphisms/markers of  the 
IGF1 and inhibin (INHA and INHBA) genes and semen production traits of 




4. To assess the association between identified polymorphisms/markers of the 
IGF1 and inhibin (INHA and INHBA) genes and body conformation of 
Madura bulls. 
 
1.4. Benefits of the Study 
 
Results of this study are expected to be utilized as a starting point for the 
selection of superior bulls based using both phenotypic traits and gene markers 
in both the Pamekasan and SNAIC Madura population so that a higher accuracy 
of bull selection can be gained. As a result, superior bulls for Madura cattle better 







2.1 Madura Cattle 
Madura cattle is one of the local Indonesian cattle breeds that derived from 
Zebu and Banteng/Bali cattle crossbreeding (Kikkawa et al., 2003, Nijman et 
al.,2003). The admixture is roughly 50% and it was found that Madura cattle have 
56% Banteng mitochondrial DNA (Mohammad et al., 2009). Madura cattle have 
brick-red or brownish red coat with white pattern on the back, belly, and rump. 
They have small horns with an upward curved shape (Sutarno et al, 2015). 
Madura cattle have good growth even on poor quality feed with high meat 
percentage and good quality meat (Sutarno et al., 2006). Madura cattle have the 
ability to run fast and can be used a racing bull (karapan), while those that have 
good body appearance/performance can used as a displayed cattle (sonok). 
Those without these traits are utilized as common beef cattle and slaughtered for 
meat. 
Phenotypic characteristics on Madura cattle had been studied (Maylinda et 
al., 2017) and the qualitative and quantitative characteristics of Madura cattle in 
Pamekasan District were determined (Tables 1 and 2).   
Table 1. Qualitative characteristics of male and female cattle in Madura Island 
Sex Characteristics 
Male :  
Dominant body color Dark Red  
Color of leg White with unclear border 
The presence of hump Humped  
Color of tail tip Black 
Color of rump White with unclear border 
Color around the eye Black 
The presence of horn and direction Little horn leads to the outside 




Table 1. Qualitative characteristics of male and female cattle in Madura Island 
(continued) 
Sex Characteristics 
Female :  
Dominant body color Yellowish brown 
Color of leg White with unclear border 
The presence of hump No humped 
Color of tail tip Black 
Color of rump White with unclear border 
Color around the eye Black 
The presence of horn and direction Little horns lead to the outside 
(Adapted from Maylinda et al., 2017) 
 
Table 2. Body weight, chest girth, height, length, and body condition score in two 
age groups of Madura cattle 
Sex Age 
Group 
BW CG HB LB BCS 
Female < 1 year 125.75±23.73 116.10±9.72 98.51±7.67 95.44±8.0 3.60±0.52 
 > 1 year 182.86±30.21 133.41±9.88 108.69±5.29 110.81±8.01 4.14±0.36 
Male <1 year 134.13±34.55 117.13±12.86 101.71±6.75 103.65±11.28 3.66±0.57 
 >1 year 199.35±14.06 125.4±21.20 105.03±10.03 107.34±14.39 4.10±0.70 
BW=body weight (kg), CG=chest girth (cm), HB=height (cm), LB=body length 
(cm), BCS=body condition score (Adapted from Maylinda et al., 2017) 
 
2.2 Selection of Bull 
Selecting bulls is an important decision that the farmers or breeders have to 
make in order to produce progeny with high productivity. Selection can be 
conducted using phenotypic and genotypic information. Selection based on 
observable phenotypes (external performance) is still the most common method 
used to improve cattle genetically. Since phenotype is the expression of both the 
genes and the environment, molecular information can contribute to the accuracy 
of selection and genetic improvement, and thus, positively affect phenotypic 
traits. In other words, to maximize its accuracy, selection should be based on all 
sources of available information, including both phenotypic and molecular 




applied to improve the traits using molecular information (Dekkers et al. 2002).  
Selection based on molecular information can be conducted by investigating 
gene variants. Gene variants arise from a permanent change in a gene such that 
make the sequence differs from the "original" sequence. Single base pair 
changes are usually called “point mutations”, while insertions and deletions of 
nucleotides are called “in/dels”. Three types of mutation that might affect 
phenotypes can result from such changes (Lodish et. al., 2000) (Figure 2): 
a. Missense mutations that cause the amino acid changes 
b. Nonsense mutations that cause an early stop translation termination 
c. Frameshift mutations that cause an addition or a deletion of DNA 
nucleotides 
 





2.3 Insulin-like Growth Factor 1 (IGF1) Gene 
IGF1 is a member of the insulin-like growth factor family (IGFs). IGFs are 
growth factors that are known to have prominent roles in growth. Insulin-like 
growth factor 1 is a single chain protein (7.5 kDa), produced in the liver 
(Oksbjerget al. 2004). The insulin-like growth factor (IGF) system includes three 
ligands (insulin, IGF-I, and IGF-II), three receptors (the insulin receptor (IR), IGF-
IR and IGF-IIR), as well as six IGF-binding proteins (IGFBPs). The interactions 
provide a potent proliferative signaling system that stimulates growth in many 
different cell types and blocks apoptosis (Figure 3). The tyrosine kinase domains 
of the IR and IGF-IR catalyze the phosphorylation of specific substrates and are 
prominent for IR- and IGF-IR–induced signaling. Activation of the IR, IGF-IR and 
their intracellular components in response to ligand binding is temporary and 
controlled by several mechanisms, including phosphorylation, dephosphorylation, 
and/or degradation of certain components (Laron, 2001). Studies indicate that 
IGFs have important roles in muscle development and both IGF1 and IGF2 can 
stimulate muscle cell proliferation and differentiation through their interaction with 
the type 1 IGF receptor (Oksbjerg et al. 2004). Mathews et al. (1988) found that 
when the level of IGF1 is 50% above normal, the growth of bone and muscle in 





Figure 3. Insulin like growth factor-1 (IGF1) signaling pathway 
IGF1 also affects the development and physiology of the reproductive 
system. A study on mice has found that male IGF1 null mutants have less 
testicular weight, sperm concentration, and sperm motility compared to the wild 
type mice (Baker et.al., 1996). In cattle, the IGF1 gene is located on chromosome 
5 and is 1051 bp length (Ensembl.org, 2017). Polymorphisms of the IGF1 (in 3’ 
untranslated region of the IGF1 gene) in cattle have been identified to have an 
association with cow body dimensions and fertility traits (Mullen, et.al, 2011). 
Another study indicated that there are associations between IGF1 polymorphisms 
and body dimension traits (chest width) and body condition scores of bull (Mullen 
et. al., 2011). Insulin-like growth factor 1 (IGF1) gene also affected the physical 
performance of the bull, especially testicular growth (LirÓn et.al., 2012). It was 
found that a polymorphism in IGF1 gene, SnaBI SNP, affects the age when the 
male cattle reached 28 cm of the scrotal circumference. Since physical 




gene can be considered a strong candidate gene for semen production traits. 
Moreover, a genomic study identified a chromosome region related with fertility 
for both female and male cattle on chromosome 5 near the location of IGF1 gene 
(Fortes et.al, 2013). 
In the central nervous system, IGF1 is a regulator of reproductive function 
and may be associates with somatic growth (Daftary and Gore, 2013). IGF1 is 
involve on early reproductive ability at puberty, release of the gonadotropin 
releasing hormone (GnRH) and gonadotropin, and reproductive function on adult. 
IGF1 in pituitary gonadotropes affects function of the hypothalamic pituitary 
gonadal (HPG) pathway through endocrine activity (either from the brain through 
portal capillary vasculature or from the general circulation after being released 
from the liver) (Daftary and Gore, 2013). Moreover, a study on the effects of IGF1 
on mouse spermatogenesis using an organ culture method reported that the 
expression of the IGF1 gene decreased in cultured mouse testicular fragments, 
but its receptor was expressed strongly in germ cells. Supplementation with IGF1 
also increased the production of round and elongated spermatids after in vitro 
differentiation of 5.5 days postpartum mouse spermatogonial stem cells by 
decreasing the apoptosis of germ cells and promoting the density of intra-tubular 
germ cell in the cultured mouse testicular fragments (Yao et al., 2017). 
Semen traits (including quantity and quality) are closely related with 
spermatogenesis that occurs in testis. Spermatogenesis is the developing 
process of haploid spermatozoa from immature male germ cells and it takes 
place in the seminiferous tubule in the testis. Sertoli cells are one of the most 
prevalent somatic cells located in the seminiferous tubule, and the 
spermatogenesis process is supported by these cells since they provide nutrition 
and regulate the internal environment of seminiferous tubule (O’Donnel et al., 




prominent role during spermatogenesis process. Spermatogenesis is androgen 
dependent process and the androgen is produced in the Leydig cells and 
testosterone in one of the prominent androgens that regulates the 
spermatogenesis (Zhou et al., 2019). 
There are some hormonal signals have been identified that regulate the 
Sertoli cell proliferation, including follicle stimulating hormone (FSH), the insulin 
growth factor family (IGFs), activin, inhibin and cytokines (Meroni et al., 2019). 
Insulin and IGF1 are two members of the insulin family that had been widely 
observed for their role on testicular function. 
Moreover, several studies have reported that IGF1 has role on Sertoli cell 
proliferation in cultured cells from different species (Borland et al., 1984; Jaillard 
et al., 1987; Khan et al., 2002). Pitetti et al. (2013) investigated insulin receptor 
(Insr) and IGF1 receptor (Igf1r) knockouts in the Sertoli cells, and the testis size 
decreased by 72% while the sperm production in adult testis decrease to 79%. It 
was suggested that was due to the decrease number of proliferated Sertoli cells 
during early neonatal development.  
IGF1 is a complex system that consist of three receptors (the insulin receptor 
(IR), IGF1R and IGF2R); three ligands (insulin, IGF1 and IGF2) and six binding 
protein (IGFBP1, IGFBP2, IGFBP3, IGFBP4, IGFBP5 and IGFBP6) (Laron, 
2001). IGF1 acts through multiple pathways, such as the phosphatidyl inositol 3 
kinase and Akt (PI3K/Akt) pathway and the mitogen activated protein kinase 
(MApK) pathway (Kumar and Laxmi, 2015). The role of IGF1 on Sertoli cells 
proliferation was suggested to be via PI3K/Akt and ERK1/2 signaling pathway 
(Khan et al., 2002 and Villalpando et al., 2008). ERK1/2 is one of MAPKs 
subfamilies members that has been identified its expression in the mammalian 
Sertoli cells (Ni, 2009).  Khan et al., 2002, using in vitro experiments, reported 




specific ERK1/2 pathway inhibitor. IGF1 has been also recognized for its ability to 
stimulate the PI3/AKt pathway in immature Sertoli cells (Villalpando et al., 2008). 
Activation of IGF1R can cause the activation of PI3K that will lead to the 
activation of serine-threonine kinase, AKT kinase or protein kinase (PKB) and this 
AKT/PKB is known to be involved on the effect of IGF1 on cell proliferation (Allise 
et al., 1996 and Cheng et al., 2000). Moreover, another in vitro study in zebra fish 
by Zhang et al. (2017) reported that IGF1 treatment could also increase sperm 
motility. It was also identified that the ability of IGF1 to raise the sperm motility 
was via PI3K/Akt signaling pathway.  
 
2.4 Inhibin Genes 
Other genes are those that encode the subunits for inhibin might be potential 
candidate markers. Inhibin is a transforming growth factor β (TGFβ) superfamily 
member that affects modulation of pituitary FSH, the proliferation of 
spermatogonia, and Leydig cell testosterone production (Hiendleder et. al., 
2000). Inhibin is composed of an α-subunit and a βA or βB subunit, which are 
linked by a disulfide bridge. Inhibin A has the βA subunit and inhibin B has the βB 
subunit. Activin is a closely related family member composed of homodimers and 
heterodimers of the βA and βB subunits In TGFβ pathway, activin initiates the 
signaling pathway by binding to its type II receptor and this binding activates the 
type I receptor by inducing phosphorylation (Figure 4). The next step is the 
phosphorylation of the SMAD proteins, which are the signal transducers that 
facilitate the translocation of the complex into the nucleus for the activation of 
target gene(s) transcription. Meanwhile, inhibin binds to its type II receptors, and 
as a result, it will block the type I receptors and block R-SMAD activation. This 




Inhibin known to have various roles in reproduction, including blocking the 
secretion and production of FSH (Stenvers and Findlay, 2009). Studies on the 
inhibin α-subunit (INHA) reported that silencing the transcription and translation 
of this gene may result in increased numbers of Sertoli cells (SC) in the G phase 
stage and decreased numbers of SCs in S-phase due to inhibition of the cell-
cycle promoters Cyclin D1 and Cyclin E and the promotion of the cell cycle-
inhibitor P21 (Cai et. al, 2011). Moreover, it was also suggested that INHA could 
affect the presence of its ligand and its antagonist (activin) by the autocrine 
signaling. It may also decrease the development of SC from G1 to S phase. INHA 
may also has role on the development of the blood-testis barrier, Leydig cells and 
spermatogenesis (Cai et. al., 2011). Another study on the expression pattern of 
inhibin showed that INHBA were highly expressed in the epididymis, and inhibin 
α-subunit (INHA) mRNA and INHBB expression were highest in testis (Winnal et. 
al., 2013). Studies on Chinese Holstein bulls indicate that a single nucleotide 
polymorphism (SNP) in INHBA (inhibin βα-subunit) had a significant effect on 
semen volume, sperm motility, and sperm concentration, while a mutation in the 
INHA (inhibin α-subunit) was associated with acrosome integrity rate (Sang et. 
al., 2011). However, there has been no study on the association between these 





Figure 4. Signaling pathway of activins and inhibins (Stenvers and 
Findlay, 2009) 
 
Studies in experimental animals and humans have suggested that inhibin also 
has role in skeletal muscle and bone growth (Iizuka et al., 2014; Chen et al., 
2015; Nicks et al., 2009; Gaddy-Kurten et al., 2002; Perrien et al., 2007). INHA 
plays role in skeletal muscle and bone growth via its pathway with activin A by 
binding with betaglycan and forming a complex with the inhibin β subunit (INHB) 
that competes with activin A to bind with its type II receptor, thus affecting activin 





RESEARCH FRAMEWORK AND HYPOTHESIS 
 
3.1. Conceptual Framework 
 
 The conceptual framework of this study is presented in Figure 5. Indonesian 
indigenous cattle, such as Madura cattle, are the most suitable cattle to be grown 
in Indonesia because their good adaptability to poor environment, and their 
immunity to various typical wet-tropical parasites and diseases. Moreover, 
Madura cattle have prominent functions for farmers in Madura as they have 
cultural function, provide prestige and social status, support farming sector, and 
are a source income and business). However, the population of Madura cattle still 
need to be increased. Therefore, an effort to increase the productivity of Madura 
cattle needs to be made. Improving management, such as feeding, recording and 
reproduction systems, is a common approach that the famers can take to 
enhance the productivity of their cattle. 
 For instance, reproductive technologies like artificial insemination (AI) can 
assist in the improvement of Madura cattle by the selection of superior bulls at AI 
centers. Candidate bulls are selected based on the performance of the bull 
(structural/physical soundness) and semen production traits (quantity and quality 
of semen). Singosari Artificial Insemination Center (SNAIC) is one of AI centers in 
Indonesia that produces frozen semen of Madura bulls. There are only few bulls 
available at SNAIC and most of they are older bulls. Among the Madura bulls at 
SNAIC, there is bull called Adikara (14 years old) whose frozen semen has the 
highest demand. Farmers in Madura, especially at Pamekasan which has 
become the center of sonok cattle, are more likely to choose Adikara’s frozen 
semen because of his physical performance. Considering the age of SNAIC bulls, 




 Selection based on observable phenotypes is still the most common method 
used to improve cattle genetically. Since phenotype is the expression of both the 
genes and the environment, molecular information can contribute to the accuracy 
of selection and genetic improvement, and thus, positively affect phenotypic 
traits. Based on the physical examination of bulls during a Bull Breeding 
Soundness Evaluation, body conformation is a trait that important for bull 
selection (Barth, 2018). Scrotal circumference is another physical soundness trait 
that also needs to be assessed for bull selection. Scrotal circumference is known 
to be associated with daily sperm production, semen quality and fertility (Bertram 
2003; Kastelic and Thundathil 2008; Waldner et al. 2010). It also reported that 
scrotal circumference has moderate to high heritability and good genetic 
correlations with semen characteristics (Bertram 2003; Garmyn et al. 2014; 
Kealey et al. 2006). This indicates that selection based on both phenotypic and 
molecular information of scrotal circumference (physical soundness traits) might 
be implemented to conduct in order to obtain better semen characteristics.  
 Investigating gene variants is a method to identify gene markers and studies 
on the association of genes with phenotypic traits could be used as a source of 
information for selection based on molecular information (marker assisted 
selection). Gene variants (that is, polymorphisms in the gene) are a permanent 
change in a gene that make the sequence differs from the "original" sequence 
(https://ghr.nlm.nih.gov/, 2017). Different sequences might alter the amino acids, 
and as a result, the phenotype may be also affected. Insulin-like growth factor 1 
(IGF1) and the inhibin genes are candidates as markers since they are 
suggested to have effects on body confirmation and semen production traits of 
the bulls. However, there is also no studies of IGF1 and inhibin genes and their 
association with body conformation and semen production traits in Indonesian 




candidate gene markers with semen production traits in Madura cattle should be 
beneficial for a starting point of selection of superior bull for phenotypic traits 
based on genotypes, enabling higher accuracy of bull selection. Moreover, using 
the identified SNPs in INHA and IGF1, it is expected that some of the SNPs might 
also become markers that could assist bull selection at SNAIC, especially for 
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The Singosari National Artificial Insemination Center (SNAIC), East Java, 
was used for collecting bull exterior performance and semen data and for 
collecting blood for DNA analysis. The study was also conducted at the Waru, 
Pasean and Batumarmar districts of the Pamekasan region as these are three of 
four districts in Pamekasan that are centers of sonok cattle. Exterior performance 
measurements and semen and blood collection were conducted at these three 
districts at Pamekasan. DNA polymorphism analysis was done at the 
Laboratorium Bioteknologi Peternakan (Animal Biotechnology Laboratory) in the 
Faculty of Animal Science of the Universitas Brawijaya. 
The study was conducted from December 2017 to August 2018. Materials 
used for this study were 58 Madura bulls at Pamekasan with ages varying 
between 1 to more than 4 years old and 5 Madura bulls at SNAIC. 
4.2. 1st Stage of the Study 
 
During the first stage of this study, bull performance data were collected. 
This included the measurement of the bull’s body dimension traits, such as chest 
girth, chest girth, body length, body height, hip-width and hip height and scrotum 
circumference. 
Scrotum circumference was measured as follows: 
1. Both testicles are pulled firmly by downward massage so that they are 
completely within and against the lowest point in the scrotum, lying side by 
side, and with no evidence of wrinkling of the scrotum. 
 2. The testes are then held firmly in the scrotum with one hand. The other 




neck gathering up any loose scrotum and finally holding both testes firmly 
into the lower scrotum (Figure 5). The thumb of the hand holds the neck of 
the scrotum. 
3.  The scrotal tape is then looped around the testes and placed at the level 
judged to have the largest circumference. The tape is then drawn firmly in 
contact with the entire circumference to cause moderate indentation of the 
scrotum. 
 
Figure 6. A: Correct technique to measure scrotal circumference, 
B: Incorrect technique to measure scrotal circumference 




The instruments used for the first stage of the study were a measuring tape 
(to measure chest girth, chest width, scrotal circumference) and measuring stick 





4.3. 2nd Stage of the Study 
Semen characteristics were assessed in the second stage of the study at 
Pamekasan location. This stage was conducted directly after the first stage have 
been completed. The semen sample was collected after the bulls have been 
measured for their body dimension traits. 
Semen characteristics that were assessed included: volume of semen, 
semen pH, semen color, semen concentration, sperm motility, sperm viability and 
sperm morphology.  
4.3.1. Semen Characteristics Assessment Procedures 
 
A. Volume of Semen 
The volume of the collected bull semen was measured using measuring tube 
directly after the semen has been collected. 
B. Semen pH 
 
pH of the semen was measured using pH meter or pH paper. pH of the bull 
semen should vary between 6.5-7.2. 
C.  Semen Color 
 
After semen has been collected in a collecting tube, normally the color is 
white or creamy. The color or the opaqueness of the semen can represent 
concentration of the semen and was recorded. 
D.  Semen Concentration 
 
Semen concentration was measured using hemocytometer. First, fresh 
semen is taken with an erythrocyte pipette until it reach at the 0.5 level on the 
pipette. Then NaCl (3% sodium chloride) is added until it reached at the 10 level 
on the pipette and homogenized by shaking for 2 - 3 minutes by forming the 
figure eight. Then the first 1-2 drops of semen is discarded and another drop is 




Spermatozoa are counted in 5 squares, namely at right angles and upper left, 
lower right and left and center under the microscope with magnification 400 
times. The number of spermatozoa that are present inside five squares in a 
diagonal direction are then multiplied by 106 (Susilawati, 2011). 
E.  Sperm Individual Motility 
 
Sperm motility can be assessed using a microscope. Fresh semen was 
taken using a 0.01 ml micropipette and put on a glass slide and covered with a 
cover slip. The semen was examined under a microscope magnification 400 
times. Spermatozoa motion was assessed based on the percentage of 
spermatozoa which moved progressively. Spermatozoa motion criteria were 
assessed as follows: spermatozoa without movement worth zero percent, 
spermatozoa with a circular motion are worth fifty percent, spermatozoa with 
progressive but not wavy movements are worth less than fifty percent, 
spermatozoa can move progressively and produce movement the mass is worth 
fifty to eighty percent, spermatozoa that produce ninety percent worth of 
progressive movement that form waves, and spermatozoa produce very 
progressive motion and very fast waves of value one hundred percent. 
F.   Sperm viability and abnormality 
 
Observations were made by differential staining using eosin negrosin dyes. 
One drop of semen and one drop eosin are is placed on a slide. Both were mixed 
and, then smeared with another slide to the end of the slide until a thin layer of 
semen is obtained and the slide was left to air dry. The preparation was observed 
under a microscope at 400x magnification. The indicators were colorless live 
spermatozoa (transparent) and red dead spermatozoa due to the eosin negrosin 







Artificial vagina, collecting tubes, pH paper, hemacytometer, and 
microscopes were used for assessing the semen characteristics. 
4.4. 3rd Stage of the Study 
 
DNA or polymorphisms analysis of the samples conducted during this stage 
included: DNA isolation, amplification of the genes, sequencing reaction 
preparation of the PCR products, and comparing the sequencing results of the 
samples to the gene sequences from a database.  
DNA was isolated from the blood samples collected during the first stage. 
The blood was collected in vacuntainer tubes that contained EDTA to stabilize 
and preserve the blood. Once, the blood had been collected, the DNA was 
isolated by extraction. 
DNA extraction was carried out using a mini kit for blood (Geneaid). Blood 
samples were taken with as much as 300 μl in a 1.5 ml tube and 900 μl RBC lysis 
buffer was added. Then the samples were homogenized and incubated on room 
temperature for 10 minutes. Samples were centrifuged at speed 3,000 x g for 5 
minutes and the supernatant discarded. To the precipitated sample, 100 μl of 
RBS Lysis buffer was added and homogenized. Then 200 μl GB Buffer was 
added and the sample homogenized. Then the tubes were incubated at 
temperature 60° C for at least 10 minutes, and during incubation the tubes were 
inverted every 3 minutes. The final stage of DNA isolation involved using a buffer 
elution that was incubated for 10 minutes at a temperature of 60°C together with 
the sample without being inverted. The incubated solution was added to 200 μl of 
absolute ethanol and homogenized using a pipette. Then the solution was 
transferred from a 1.5 ml tube to a 2 ml collection tube which already had a GD 




minutes. The GD Column was transferred to a new 2 ml collection tube, and 400 
μl W1 Buffer was added before the tube was centrifuged at a speed of 14-16,000 
x g for 30-60 second. The waste solution was discarded and the GD Column was 
placed back on the collection tube. Afterwards, 600 μl Wash Buffer was added, 
then centrifuged at a speed of 14-16,000 x g for 30-60 seconds. This step was 
repeated again. The last stage was to move GD Column from the collection tube 
to a 1.5 ml tube to accommodate the DNA elution. The DNA washing involved 
adding 100 μl incubated Elution Buffer to the GD Column, and then centrifuging 
at a speed of 14-16,000 x g for 30 seconds. Elution stage is repeated so that the 
final volume of the elution was 200 μl / sample. 
 
4.4.1. Genes Polymorphisms Identification 
 
A.  Designing Primers  
In order to amplify the correct gene using PCR, the primers of each gene 
were designed first (promoter region for IGF1; exon 1 for INHA and intron 1 for 
INHBA). Primers were designed using primer3 plus from the website 
primer3plus.com. The sequence of the genes to be amplified was downloaded 
from the website www.ensembl.org.  Melting temperature (TM) for both forward 
and reverse primers was similar. The ideal primer size is about 16-20 bp and 
there was not too much GC content in the primers and no hairpin loops. The 
primers of IGF1, INHA and INHBA gene were designed based on study by LirÓn 
et.al.(2012) and Sang et.al.(2011) (Appendix 1).  
B.  Optimization of PCR Conditions 
 
The first step to find DNA variants was optimize the amplification of  the 
candidate gene coding regions by polymerase chain reaction (PCR) using DNA 




annealing (primary attachment temperature) is appropriate and that a single 
product with expected size was amplified. Amplification was done in a BIORAD 
T100 Thermal Cycler PCR machine. The DNA volume used is 1 μl. The total 
volume of the reaction was 30 μl consisting of 15 μl of go Taq green master mix, 
0.3 μL of forward and reverse primers each and 14.4 nuclease free water (NFW) 
and the sample DNA. PCR conditions used for amplification are presented in 
Appendix 2. 
The amplified products from PCR were confirmed by gel electrophoresis 
using 1.5% agarose gel electrophoresis in 0.5x TBE buffer for 40-45 minutes at 
110 V. Gels were stained using Diamond TM Nucleic Acid Dye by Promega 0.5 
µg/ml for 20-30 minutes and the product were visualized under UV illumination. 
The amount of PCR product analyzed using gel electrophoresis are 5 µl for PCR 
optimization. 
C. Sequencing Reactions of PCR Products 
 
Genes fragment sequencing was carried out using a sequencer machine 
(ABI Prims 3100-Avant Genetic Analyzer) at 1st Base sequencing company, 
Selangor, Malaysia. 
D.   Polymorphism Identification 
 
Identification of the gene polymorphisms was initiated when the sequencing 
results were received. The sequencing results were analyzed using BioEdit 
program (Figure 6). Once the sequencing results were interpreted using BioEdit, 
the result will be confirmed using Molecular Evolutionary Genetic Analysis 5 






Figure 7. Example of sequence results 
 
4.5. Statistical Analysis of SNPs/Polymorphisms 
 
The effects of the SNPs on phenotypic traits were analyzed using an 
unbalanced design analysis of variance (Genstat) with fixed effects. The fixed 
effects were the age of the cattle, cohort (location) of the cattle and the genotype 
of the cattle for each SNP in a given gene. The model was: 
Yijk = μ + αi + βj +γk+ εij 
Where : 
Yij is the response variable (phenotypic traits)  
μ is the overall mean 
αi is the effect of ith age 
βj is the effect of jth cohort 
γk         is SNP/polymorphisms genotype 





Analysis using a “linear mixed model” (Genstat) was conducted to measure the 
variance of each observed “significant” SNP. Age was fitted as fixed effects, 
while the SNP genotypes were included as random effects. 
Yi = μ + βage.Xi age+ βct.Xict+σ2SNPZi SNP+εi 
Where : 
Yi is phenotype 
μ is overall mean 
βage is regression coefficient of the age 
βct is regression coefficient of the cohort 
σ2SNP is regression coefficient of the SNP 
Xi is regressor of ithvalue of fixed effect (age) 
Zi is regressorof  ith value of random effect (SNP) 










RESULTS AND DISCUSSION 
 
5.1. General Condition of Study Location 
 
The study was conducted at 3 districts of the Pamekasan region (Waru, 
Pasean and Batumarmar) and at the National Artificial Insemination Center at 
Singosari. Waru, Pasean and Batumarmar are three of four districts in 
Pamekasan that have become the center of sonok cattle so that they are 
believed to have many purebred of Madura Cattle in those districts. Singosari 
National Artificial Insemination Center (SNAIC) also selects for Madura bulls from 
those three districts. Pamekasan and Singosari have quite different conditions in 
terms of their geographical locations and feed availability. 
Pamekasan region is located at 113 ⁰ ¹ 19 -113 ⁰ 58 east longitude and 6⁰51¹ 
– 7⁰31¹ south latitude, with altitude ranging from 6 -312 meters above the sea 
level (Figure 8, BPS-statistic of Pamekasan Regency, 2019).  Waru has the 
highest altitude (more than 150 meters above the sea level) among the three 
study locations, while Batumarmar has the lowest altitude (less than 25 meters 
above the sea level). Even though Waru, Pasean and Batumarmar districts have 
quite varied altitudes, they are three of four districts at Pamekasan that are 
centers of sonok cattle. The temperature of Pamekasan regency ranges between 
28° to 30°C with 80% humidity. The rainy season occurs between October to 






Figure 8. Altitudes of districts at Pamekasan region (Source: BPS-
statistic of Pamekasan Regency, 2019) 
 
The agricultural sector is the most important sector for the Pamekasan 
regency since most of Pamekasan people work at this sector (BPS-statistic of 
Pamekasan Regency, 2019). This sector consists of agricultural food crops, 
plantations, livestock, forestry and fisheries.  However, the role of agricultural 
sector for the gross regional domestic product for Pamekasan tends to decrease 
annually and is displaced by trade and services. 
Most of land in all districts at Pamekasan used for agricultural (Table 3) and 
this includes the Waru, Pasean and Batumarmar districts. The existence of many 
agricultural food crops, plantation and forestry support the livestock sector by 
providing feed for them. Feed has become one of the most influential 
management factors for sonok cattle performance.  Farmers usually give their 
cattle concentrate and forage as feed. The forage can be in the form of both fresh 




potato leaves, banana leaves, bamboo leaves, beans leaves, peanut leaves, noni 
leaves and so on. Farmers also give their cattle traditional herbal medicine.  
Table 3. Land use in Pamekasan region 
 
(Source: BPS-statistic of Pamekasan Regency, 2019) 
 
Another study location was the Singosari Artificial Insemination Center 
(SNAIC). The Center is located in Toyomarto village, Singosari district, Malang 
regency. SNAIC is located at higher altitude (400-700 m above the sea level) 




tempature ranges from 22°C to 32 °C and the average rainfall is 349 mm per 
year (www. singosari,malangkab.go.id, 2020) 
SNAIC provides the feed of the bulls by having around 48 ha grassland for 
fodder and forage production (www.bbibsingosari.go.id, 2021). The Center has 
many types of forage, including elephant grass (Pennisetumpurpureum), 
Brachiariadecumbens, dwarf elephant grass (Pennisetumpurpureum cv Mott), 
star grass,corn plant, and leguminosae. In order to manage the grassland, 
SNAIC is equipped with agricultural heavy machinery, such as tractor, disc plow, 
disc mower, hay baller and hay rake. The Madura bulls are fed 10 kg forage, 2.5 
kg silage, 2.5 kg concentrate, 3 kg hay and 0.05 kg commercial mineral per day. 
 
5.2. Phenotypic Performance of Madura Bulls 
 
Waru, Pasean, Pakong and Batumarmar districts are center of Madura 
sonok cattle. As the center of sonok cattle, many farmers at those districts have a 
cow-calf production system. They breed the cows in order to produce calves. 
They will sell or keep the calves as cow replacement stock. According to data 
obtained from Food Security Service, 2017 (Tables 4), the population of female 
cattle in the four districts was 58,646 (26.11% calves, 32.78% heifers and 
41.09% cows). Meanwhile, the population of male Madura cattle at Waru, 
Pakong, Pasean and Batumarmar district was 16,468 (27.07% calves, 35.05% 
young bulls and 37.87% bulls). Based on these data, the bull and cow ratio at the 
four districts were around 1:4, and indicates that these areas could potentially 








Table 4. Population of Sonok and Madura bulls in Pamekasan regency 
(Source: Food Security and Animal Service, 2017) 
The Madura bulls in this study were obtained from the Waru, Pasean and 
Batumarmar districts. Bulls in the Pakong district were not sampled for this study 
because there were crossbreeding in Pakong. Body measurements of the 
Madura bulls were conducted. Scrotum circumference, chest girth, chest width, 
body height, body length, hip width and hip weight were measured (Table 5). The 
data were compared with the quantitative (body measurement) requirements for 
Madura bulls from the National Standardization Agency of Indonesia (BSN) in 
2020 (minimum body height 116 cm, body length 117 cm, chest girth 144 cm and 
scrotal circumference 22 cm). The results showed that the Madura bulls fulfilled 
these requirements and supports the fact that Waru, Pasean and Batumarmar 




>1 year 1-2 year <2year total 
N % N % N % N % 
Female 15316 26.11 19229 32.78 24101 41.09 58646 100 





Table 5. Body measurements of Madura bull at Waru, Pasean and Batumarmar 
Traits(cm) Age (year) 
1-2 2-3 3-4 >4 
 (Mean±SD) (Mean±SD) (Mean±SD) (Mean±SD) 
Scrotum 
circumference 
27.47 ±5.14 28.39±09 28.82±2.75 29.71±3.77 
Chest girth 177.10±12.51 178.27±12.17 185.45±8.93 194.43±11.24 
Chest width 46.77±6.98 46.27±6.20 48.36±7.76 49.93±5.62 
Body height 137.63±11.83 136.36±6.02 139.45±4.02 141.43±5.83 
Body length 143.77±9.78 142.60±9.06 147.09±4.59 151.43±9.09 
Hip width 45.57±5.06 49.3±4.64 51.41±11.16 51.71±4.92 
Hip height 133.20±5.45 132.41±5.0 136.09±3.18 136.29±6.99 
 
Singosari National Artificial Insemination Center (SNAIC) provides frozen 
semen for a variety of cattle breeds. The Center activities including bull selection 
and bull raising, including everything from feed management to frozen semen 
production. In total, there are 216 bulls at SNAIC, but currently (in 2021), there 
are only four Madura bulls available (www.bbibsingosari.id, 2021). This study 
were using the data from SNAIC from 2012 to 2017 and there were five Madura 





Table 6. Bull population at SNAIC 
Breed Number of bulls 
Bali 35 







Banteng cross 1 
Wagyu 5 
Galekan 1 




Table 7. Body measurements of Madura bulls at SNAIC in 2016 








1 Adikara 9 161 139 197 
2 Pajudan 8 160 150 212 
3 Kanwa 8 179 141 196 
4 Lombang 6 151 138 199 
5 Pasean 6 164 138 201 
Source : data from SNAIC 
 
In general, the Madura bulls at SNAIC had relatively the same body 
measurements compared to the Madura bulls from the Pamekasan regency for 
bulls older than 4 years even though the bulls were kept under different 
management and environment factors. This results suggested that Madura bulls 





5.3. Semen Production Traits of Madura Bulls 
Semen production is one of important traits for bull selection. This includes 
semen quantity and quality traits. In general, semen volume and individual sperm 
motility of Madura bulls in SNAIC was greater than those in the Pamekasan 
region (Tables 8 and 9). However, sperm concentration for bulls in the 
Pamekasan region was greater compared to the bull sperm concentration in the 
SNAIC bulls.  
The fact that SNAIC bulls had more semen volume and individual sperm 
motility might be as a result of the better environment and management practices 
in SNAIC compared to the Pamekasan region. For instance, SNAIC is located at 
higher location compared to the Pamekasan region and this different altitude and 
temperature might affect semen production traits. Moreover, SNAIC provides 
high quality fodder and forage production as feed for their bulls 
(www.bbibsingosari.go.id, 2021). In addition, enviromental and management 
factors such as age, season, intervals between semen collection, and collection 
team has been reported to affect semen volume, sperm concentration and total 
number of motile cells per ejaculate (Mathevon et al., 1998). On the other hand, 
the SNAIC bulls are likely to have a lower sperm concentration than the 
















(x 106 sperm/mL) 
Abnormality 
(%) 
1 – 2 2.53 ± 1.43 62.33 ± 19.17 75.73 ± 12.49 1344 ±  462.68 4.32 ± 3.15 
2 – 3 2.10 ± 0.98 62.5 ± 16.17 69.78 ± 19.63 1138.26 ± 638.70 6.39 ± 4.63 
3 – 4 3.06 ± 1.69 62.78 ± 23.99 75 ± 12.45 1163.33 ± 649.69 4.85 ± 4.01 
> 4 2.62 ± 1.65 62.78 ± 18.56 72.98 ± 17.88 1205.56 ± 451.20 8.8 ± 6.30 
 
Table 9. Semen quantity and quality of Madura bulls at SNAIC 
Age Semen traits 
Motility (%) Concentration 
(x 106 sperm/mL) 
Volume (mL) 
3 69.55 ± 7.87 1145.34 ± 276.32 3.55 ± 1.59 
4 68.20 ± 10.81 1039.01 ± 319.85 3.71 ± 1.69 
5 61.79 ± 15.07 1069.34 ± 492.71 4.2 ± 1.55 
6 64.41 ± 12.01 977.21 ± 381.46 4.72 ± 1.89 
7 61.77 ± 14.58 872.80 ± 350.58 5.33 ± 1.86 
8 63.67 ± 12.10 834.54 ± 399.76 4.99 ± 1.43 
9 63.01 ± 10.89 769.93 ±422.07 5.51 ± 1.37 
10 64.49 ± 5.35 530.34 ± 132.62 6.65 ± 0.94 
 
 
5.4. DNA Variants of the Candidate Genes 
 
In order to study the association between the candidate genes and the traits 
of interest, polymorphisms in each gene were found. The polymorphisms were 
identified by sequencing of specific region of the candidate genes based on the 
previous study. DNA variants discovered may include single nucleotide 
polymorphisms (SNP) and insertion/deletions (in/del). Any DNA variants that 
changed the amino acid composition or occurred within the untranslated regions 
or splice junctions may be considered to be potentially functional. In total, there 





Table 10.DNA variants of the candidate genes 
Gene DNA variant 
name 
Sequence context DNA variant 
location 
Type of variant 
IGF1 IGF1 SNP1 TAGAGTA(G/T)GCTT 5’ upstream  
INHA INHA SNP1 GGGC(T/C)GGAG Exon 1 Missense variant 
INHA SNP2 CACCG(G/A)AGGCA Exon 1 Synonymous 
variant 
INHA SNP3 ATGCC(G/A)TGGG Exon 1 Missense variant 
INHA SNP4 AGCC(C/G)GAGGA Exon 1 Synonymous 
variant 
INHBA INHBA SNP1 GCCTAG(A/G)GCAGT Intron 1 Intronic variant 
 
There was only one SNP found in IGF1 and it was located at 5’ upstream 
region. However, the SNP found in IGF1 was not the same SNP as LirÓn et.al. 
(2012) investigated. Four SNPs were found in inhibin α-subunit (INHA) and they 
are located at the first exon of INHA. Two SNPs were missense mutations (INHA 
SNP1 and INHA SNP3) and the other two (INHA SNP2 and INHA SNP4) were 
synonymous mutations (Table 10). The INHA SNP1 caused the substitution of 
amino acid leucine21 with proline, while the mutation of INHA SNP3 substituted 
amino acid valine63 with methionine. One of the SNPs identified in the INHA gene 
(INHA SNP2) had been studied for its association with sperm quality by Sang 
et.al. (2011), but there have been no reports yet on the other there SNPs. 
According to Ensemble database (www.ensembl.org) and Bovine Genome 
Variation Database BGVD  (http://animal.nwsuaf.edu.cn/code/index.php/BosVar), 
one SNP (INHA SNP4) determined to be a novel variant. There was one SNP 
also found in INHBA gene. This SNP was located at intron 1, and therefore, it 
does not alter the amino acid. It was another SNP investigated by Sang et.al. 
(2011) for association with sperm quality.  
Once after all the DNA variants had been identified, the allele frequencies of 
each DNA variant was calculated. There were two populations that were studied, 




Insemination Center, Singosari, Malang. Therefore, allele frequencies for each 
population were calculated (Appendix 2). Most of the identified SNPs only had 
two genotypes in both populations, except for INHA SNP3 that had all 3 
genotypes in Madura population. However, INHBA SNP1 only had one genotype 
(monomorphic) for both populations (Madura and SNAIC). Therefore, the 
association between this INHBA SNP1 and semen production traits could not be 
analyzed.  
 
5.5. Genotype of SNAIC Bulls Based on Identified Polymorphisms 
There were some interesting results found for the SNPs genotyped in the 
SNAIC bulls, especially for INHA SNP1, INHA SNP2 and INHA SNP4 (Table 11).  
 
Table 11. SNP genotypes of SNAIC Madura bulls 











Adikara TT GA GG CC GG 
Pajundan TC AA GA CG GT 
Kanwa TC AA GG CG GG 
Lombang TC AA GG CG GT 
Pasean TC AA GG CG GT 
 
One bull, called Adikara, had different genotype for INHA SNP1, INHA SNP2 
and INHA SNP4 compared to other bulls. This is very interesting finding since the 
demand of the frozen semen from Adikara is the highest compared to other bulls 
even though it is the oldest among other bulls. Mostly, farmers in Madura, 
especially in Pamekasan, request frozen semen of Adikara when they conduct 
artificial insemination (AI) of their cows.  
Farmers in Pamekasan prefer frozen semen from Adikara because of its 




believe that Adikara produces good offspring in term of their physical 
performance, which is very important for sonok cattle. This is also become the 
reason SNAIC still keeps Adikara although it is the oldest bull. Therefore, 
selection to replace superior and “favorite” bulls like Adikara need to be arranged. 
Molecular information such as SNP genotyped could be used to support the 
selection process. It has been proved that by integrating genomic selection into 
dairy cattle breeding programs can increase selection response and accuracy 
(Bouquet and Juga, 2011; Schefer and Weigel, 2012; Mrode et.al., 2019). 
Descriptive analysis using semen traits data was performed in order to 
compare the mean of observed reproductive traits. This will indicate which 
genotypes are associated with semen quality and quantity (especially the 
genotypes of the SNPs where Adikara had different genotypes compared to other 
bulls). 
 
Table 12. Means of semen quantity and quality for each genotype of SNAIC bulls 
(at five years old) 




(x 106 sperm/mL) 
Motility (%) 
Adikara 5.62 ±1.82 705.76±207.35 68.00±6.44 
Pajundan 4.16±1.00 1302±403.19 68.17±10.24 
Kanwa 4.4±1.16 1454±404.47 57.65±13.69 
Lombang 3.92±1.64 994.5±538.47 58.78±16.698 
Pasean 4,42±1.91 778.763±299.38 61.94±15.48 
 
At five years old, Adikara had greater semen volume than the other bulls 
(Table 12). However, it had a lower sperm concentration than other bulls. This 
result is not surprisingly since it is known that semen volume and sperm 
concentration have a negative genetic correlation Bergen et al. (2019). Adikara 




the other bulls.  
These results were also compared with the semen trait data of Madura bulls 
from Pamekasan in order to observe whether there were similar trends as the 
bulls at SNAIC (Table 13). 
Table 13. Means of semen quantity and quality for each genotype for Madura 
bulls at Pamekasan 
INHA 
SNP 







Abn Viab SC 
















































SNP4 CC 36 2.56 1269 64.21 5.28 77.9 28.68 
CG 22 2.21 1085 58.92 6.43 68.64 27.6 
SC=scrotum circumference, Vol=semen volume, Mot=sperm motility, Conc= 
sperm concentration, Viab= sperm viability, Abn= sperm abnormality 
In the Pamekasan population, bulls that have the same genotype with 
Adikara have also greater volume and motility compared to bulls that have the 
other genotypes (Table 13). These results might indicate that the genotype and 
semen traits of bull at SNAIC and Pamekasan have the same trend descriptively.  
 
5.6. Association Analysis Between INHA and IGF1 SNPs and Semen Traits 
 
After polymorphisms in the selected region of the candidate genes had been 
identified, association analysis between the SNPs and semen production traits 
could be investigated. Since there were only five SNAIC bulls in this study, the 




Most of all identified SNPs showed no significant association with semen 
traits and scrotal circumference for the Pamekasan population except for INHA 
SNP4 and the correlations between the SNPs were also low (Table 14). INHA 
SNP4 had significant effect on sperm viability. In general, these results are 
different with those reported by Sang et.al. (2011) in Chinese Holstein bulls, 
particularly for INHA SNP2. Sang et.al (2011) reported that INHA SNP2 had 
significant effect on semen quality. This difference in results might due to the 
cattle breeds which were studied. Moreover, the total number of Madura bulls 
might not sufficient to detect SNP associations. Therefore, further studies using 
larger population and more semen traits need to be conducted.  
Table 14. Association of candidate gene SNPs with semen production traits and 
scrotal circumference at Pamekasan, Madura  
SNP name Motile sperm count Viability  Abnormality SC 
F-Prob r F-Prob r F-Prob r Fprob r 
IGF1 SNP1 0.878 0.03 0.425 0.15 0.719 0.12 0.903 0.10 
INHA SNP1 0.229 0.16 0.102 0.24 0.477 0.004 0.758 0.08 
INHA SNP2 0.997 0.02 0.704 0.06 0.600 0.1 0.641 0.04 
INHA SNP3 0.601 0.05 0.063 0.27 0.613 0.26 0.185 0.14 
INHA SNP4 0.095 0.19 0.039* 0.28 0.222 0.05 0.378 0.15 
SC=scrotal circumference 
Based on cattle SNP database, INHA SNP4 is a novel variant and it has not 
been recorded for any Indonesian cattle breeds as well. There were only two 
genotypes identified for INHA SNP4, CC and CG. Bulls with the CC genotype of 
this SNP had greater sperm viability than bulls with the CG genotype (Figure 9). 
Moreover, CC genotype is also the genotype of the Adikara bull. Thus, it could be 
suggested that this SNP might be a candidate marker for sperm viability. INHA 




FSH and LH secretion (Gregory, 2004). 
 
Figure 9. Effect of INHA SNP4 genotype on sperm viability. 
 
An analysis using a linear mixed model (Genstat) was performed to 
determine how much of the total phenotypic variance could be accounted by this 
SNP. INHA SNP4 accounted for 12.06% of the phenotypic variance for sperm 
viability. 
 
5.7. Association Analysis Between INHA and IGF1 SNPs and Body 
Conformation Traits 
 
There were significant associations identified between INHA SNP3 and chest 
girth and hip height and between the IGF1 SNP with body height and hip height 
(Table 15). However, there were no significant associations between the other 
SNPs with body conformation traits. INHA SNP3 accounted for 36.23% and 
44.22% of the phenotypic variance for chest girth and hip height, respectively. 
Whereas, the IGF1 SNP accounted for 31.70% and 14.01% of the phenotypic 




INHA SNP3 on chest girth and hip height indicated that the GA and GG genotype 
for INHA SNP3 had statistically the same chest girth but they had a greater chest 
girth than bulls that carried the AA genotype for INHA SNP3.  
 
                        (a)     (b) 
Figure 10. Effect of INHA SNP3 on chest girth (a) and hip height (b). ESE = 
estimated standard errors. 
 
 
(a)     (b) 
Figure 11. Effect of IGF1 SNP on body height (a) and hip height (b). ESE = 




Table 15. Association of the candidate gene SNP and body conformation measurement of Madura bulls at Pamekasan 
SNP name Chest width Chest Girth Body Height Hip Height Hip Width Body length 
F-prob r F-prob r F-prob r F-prob r F-prob r F-prob r 
INHA SNP1 0.775 0.08 0.231 0.25 0.516 0.14 0.082 0.28 0.468 0.13 0.865 0.10 
INHA SNP2 0.256 0.17 0.701 0.01 0.820 0.01 0.37 0.08 0.919 0.05 0.872 0.06 
INHA SNP3 0.263 0.08 0.053* 0.10 0.061 0.08 0.032* 0.06 0.763 0.13 0.072 0.13 
INHA SNP4 0.991 0.04 0.289 0.22 0.827 0.08 0.179 0.22 0.586 0.09 0.772 0.11 
IGF1 SNP 0.643 0.08 0.227 0.09 0.035* 0.11 0.008** 0.05 0.41 0.07 0.943 0.03 
 
 
Table 16. Variance of SNPs 
SNP name VSNP (%) 
Chest girth Hip Height Body Height 
INHA SNP3 36.23 44.22 - 






The IGF1 SNP effect showed the same trend as INHA SNP3. For IGF1 SNP, 
bulls with the GG and GT genotype had a greater body height and hip height than 
the TT genotype bulls (Figure 11). The Madura bulls at SNAIC only had GG and 
GT genotype for IGF1 SNP.    
No studies have observed an effect of INHA on cattle body confirmation thus 
far. It should be noted that inhibin is one of TGF-β superfamily members known 
to have important role on growth, including skeletal muscle and bone growth. 
Each member of the TGF-β family share the same pathways and therefore, they 
could interact each other. A study in humans indicated that INHA might also 
affect skeletal muscle although the clear mechanism have not been explained. 
Increased mRNA expression of INHA was identified in skeletal muscle as a result 
of muscle-contraction stimulation (Iizuka et al., 2014). Since skeletal muscle is a 
contributor to body conformation, the results of that experiment could support the 
results of the current study that identified an association between INHA and bull 
body conformation. It is known that INHA is one of TGF-β super family members, 
which is recognized with their function to regulate cell growth, regeneration, 
differentiation, transformation and death in skeletal muscle. It could be suggested 
that INHA affect skeletal muscle by blocking activin signaling in TGF-β pathway. 
Activin is known as an inhibitor of skeletal muscle growth similar with myostatin, 
which has a large effect on skeletal muscle. In addition, both activin and 
myostatin bind to the same receptors (ACVR2 and ACVR2B) (Iizuka et al., 2014). 
Beside skeletal muscle, body conformation is also relate to skeletal bone 
growth. A study by Perrien et al. (2007) showed in an in vivo experiment, that 
INHA could improve bone volume and strength in adult mice. Moreover, INHA 
can also avoid the bone loss caused by orchidectomy. The IGF1 SNP was also 





regulates skeletal muscle and bone growth (Yoshida and Delafontain, 2020; 
Tahimic et al., 2013). 
In spite of fact that there were no association found between the candidate 
markers for Adikara (INHA SNP1, INHA SNP2 and INHA SNP4) and body 
conformation, this does not mean these SNPs cannot be utilized to select bulls 
that are similar with Adikara. Further studies using larger bull populations need 
be conducted in order to confirm the findings herein. 
In the Pamekasan population, bulls that carried the same genotype as 
Adikara for INHA SNP1, INHA SNP2 and INHA SNP4 generally had greater body 
measurement (chest width, chest girth, body height, hip height, hip width and 
body length) than other genotypes (Table 17). This result showed the same 





Table 17. Mean of body conformation measurement of Madura bulls at Pamekasan for each genotype 
SNP name Genotype N Mean ± SD (cm) 
Chest width Chest Girth Body Height Hip Height Hip Width Body length 
INHA SNP1 TC 21 46.49 ± 1.51 176.8 ± 2.67 136.5 ± 1.67 131.9 ± 1.11 48.46 ± 1.44 143.3 ± 2.09 
 TT 37 47.40 ± 1.15 182.6 ± 2.04 138.3 ± 1.28 134.7 ± 0.85 50.06 ± 1.1 144.7 ± 1.60 
INHA SNP2 AA 56 47.39 ± 0.91 181 ± 1.65 137.7 ± 1.03 133.6 ± 0.69 49.58 ±0.88 144.5 ± 1.27 
 GA 2 41.01 ± 4.83 180.8 ± 8.76 137.9 ± 5.43 135.9 ± 3.68 48.21 ± 4.67 141.5 ± 6.76  
INHA SNP3 AA 2 39.25 ± 4.79 162 ± 8.36  125 ± 5.19 123.5 ± 3.50 49 ± 4.68 130.5 ± 6.48 
 GA 8 46.03 ± 2.41 185.1 ± 4.19 139.6 ± 2.61 134.8 ± 1.76 47.7 ± 2.35 148.6 ± 3.25 
 GG 48 47.66  ± 0.98 186.8 ± 1.72 137.9 ± 1.07 133.9 ± 0.72 49.85 ± 0.96 144.3 ± 1.33 
INHA SNP4 CC 36 47.21 ± 1.17 182.5 ± 2.08 138 ± 1.30 134.5 ± 0.87 49.95 ± 1. 12 144.8 ± 1.62 
 CG 22 46.81 ± 1.47 177.1 ± 2.62 137 ± 1.64 132.3 ± 1.10 48.68 ± 1.40 143.1 ± 2.04 
IGF1 GG  33 47.8 ± 1.21 183 ± 2.13 140 ±1.27 135.1 ± 0.84 50.47 ± 1.15 144.9 ± 1.68 
 GT 21 46.01 ± 1.56 177.2 ± 2.74 135.2 ± 1.64 132.8 ± 1.09 47.9 ± 1.48 144.1 ± 2.17 
 TT 4 47.43 ± 3.54 181.5 ± 6.25 132.1 ± 3.73 126.3 ± 2.48 49.54 ± 3.34 141.8 ± 4.95 
 
 
Table 18. Body measurements of the Madura bulls genotyped for INHA SNP1, INHA SNP2 and INHA SNP4 (at five years old) 
Body measurement (cm) SNPs genotype 
INHA SNP1 INHA SNP2 INHA SNP4 
TT TC AA GA CC CG 
Body height 138 134.25±3.20 134.25±3.20 138 138 134.25±3.20 
Chest girth 200 199 ± 12.25 199 ± 12.25 200 200 199 ± 12.25 





5.8. Tracing of Bulls at Pamekasan That Closely Similar to Adikara Based 
on Identified SNP 
 
Adikara had different genotypes for INHA SNP1, INHA SNP2 and INHA 
SNP4 than the other bulls at SNAIC. Since Adikara has become the most 
preferred bull among the farmers in Madura (especially Pamekasan), these three 
SNP might be considered to support the selection process for the replacement of 
Adikara. Genotype data of all bulls in Pamekasan were examined (Table 19).  
Table 19. Genotype frequency of INHA SNP1, INHA SNP2 and INHA SNP4 for 
Madura Bulls at Pamekasan 
 
Based on the genotype data (Table 19), not all Madura bulls in Pamekasan 
had the same genotype as Adikara. Further observation using the genotype data 
showed that only one bull (bull code: BM 03011) had all three genotypes for 
INHA SNP1, INHA SNP2 and INHA SNP4 as Adikara. There were 35 bulls that 
had two genotypes in common with Adikara and two bulls had only one genotype 
in common with Adikara.    
The only one bull (bull BM 03011) that had exactly the same genotypes as 
Adikara (for the INHA SNP1, INHA SNP2 and INHA SNP4) was located at 
Batumarmar. Pamekasan and owned by Pak Sihe. The bull was around two 
years old as a pair of incisors were present when sampled for this study. 
Information about this bull was collected and it was found that this bull has the 
same sire as Adikara (half-sib). This information become interesting since one 
reason the farmers at Pamekasan prefer to use Adikara’s frozen semen is 
because they believe that the dam of Adikara was an “elite” cow. However, the 
fact that Adikara and BM 03011 bull had the same genotype (for INHA SNP1, 
INHA SNP1 INHA SNP2 INHA SNP4 
TT TC GA AA CC CG 





INHA SNP2 and INHA SNP4) indicates that they inherited these genotypes from 
their sire.  
 




Figure 13.Adikara bull at SNAIC 
 
Another reason why Adikara become a preferred bull from SNAIC is 
because of its performance. Based on the appearance of these bulls (Figures 12 
and 13), it might be suggested that BM 03011 had relatively good performance 





Adikara compared to the other bulls at SNAIC. BM 03011 bull had greater chest 
girth, height, body length, hip width and hip height (187 cm, 144 cm, 148 cm, 48 
cm and 139 respectively) than the average of bulls in the region at the same age 
(176.76 cm, 137.58 cm, 144 cm, 47.15 cm, 132.08 cm respectively). Moreover, 
BM 03011 had also greater height, chest girth and body length (144 cm, 187 cm 
and 148 cm respectively) compared to those of Adikara when he was five years 
old (138 cm, 200 cm and 144 cm respectively). The semen quantity and quality of 
BM 03011 was compared to those of Adikara at five years old and BM 03011 had 
greater sperm concentration and motility (1520 X 106 sperm/mL and 75% motility, 
respectively) than Adikara (705.76 X 106 sperm/mL and 68% motility). However, 
BM 03011 bull had less semen volume (1.5 mL) than Adikara (5.62 mL). It should 
be noted though that BM 03011 bull was only around 2 years old when the body 
dimensions and semen traits were measured. Based on body conformation and 
the semen characteristics, BM 03011 could be considered as a candidate bull to 









6.1. INHA Role in Semen Traits  
 
There were four SNPs for INHA gene identified during this study. Of these 
four SNPs, only SNP2 had been studied previously for its effects on semen traits. 
Sang et al. (2011) reported that a variant in the INHA gene (INHA SNP2 for this 
study) was associated with acrosome integrity rate.  Results herein showed that 
was an association between INHA SNP4 and sperm viability in the Pamekasan 
bull population. These results indicate that INHA gene may have role in semen 
traits. 
The role of INHA variants on semen traits relate to the role of the INHA gene 
on controlling Sertoli cells proliferation and spermatogenesis (Cai et al., 2011 . 
Since INHA is a member of TGF-β family, the regulation of INHA gene on 
proliferation of Sertoli cells and germ cells is suggested via TGF-β/Smad pathway 
where it inhibit activin signal transduction (Ni et al., 2019). Meanwhile, activin has 
role on the secretion of FSH and LH that are needed for spermatogenesis 
(Gregory, 2014).  
In addition to the role of activin and inhibin in the Sertoli cells, other family 
member of TGF-β may also contribute to the proliferation of Sertoli cells and 
thereby, affect the sperm output (Ni et al., 2019). Basically, the signaling pathway 
is the same as the activin signaling pathway (Figure 14). TGF-β family members, 
such as TGF- β2, TGF- β3 and BMP4, activate the pathway via binding to the 
type II receptor and this will lead to the activation of type II receptor. Once again, 
inhibin is suggested to compete with beta-glycan (TGF-β type III receptor that 
enhances the TGF β to bind with its type II receptor) so that it will block the type II 
receptor and therefore, it will not be able to phosphorylate the SMADs protein 





concentrations and affect the semen traits.  
 
Figure 14. Transforming growth factor-β (TGF-β) (include inhibin 
action) signaling pathway in Sertoli Cells on 
spermatogenesis (adapted from Ni et al., 2019) 
Inhibin can also affect gonadotropin indirectly (Gregory et al., 2004). Activin 
binds to its receptor and lead to the transcription of FSHβ and GnRHR genes. 
The transcription activity of FSHβ will stimulate the release of FSH to the Sertoli 
cells. Whereas, GnRHR transcription activity stimulates the release of GnRH, and 
thus, will lead to release LHβ to produce LH in the Leydig cells (Figure 15). With 
inhibin and the betaglycan blocking of activin binding to its receptor, the 
production of FSH, LH and GnRH will be controlled as a consequence. It is 
generally known that FSH and LH are two important hormones for 





















affecting sperm viability. The role of FSH could be via its action both in Sertoli 
cells and in germ cells (by up regulating apoptotic pathway in germ cells) 
(Muratori and Baldi, 2018).  Moreover, in vitro studies on INHA in the mouse 
anterior pituitary reported that the inhibin-betaglycan pathway was disrupted by 
the silencing of INHA, and thus, resulted in increased GnRH and FSHβ protein 
(Han et al., 2013).  It was also reported that INHA silencing could enhance the 
transcription and translation of inhibin beta sub unit (Inhibin B). Inhibin B is 
believed to have prominent role on controlling FSH production in anterior pituitary 
(Zhou et al., 2019). 
 
 
Figure 15. Regulation of activin/Inhibin for the production of FSH, LH 
and GnRH in the pituitary gonadotropecells (source: Han et 
al., 2013) 
INHA SNP4 is a synonymous mutation that does not change and amino acid. 
However, it was suggested that even though this mutation does not change the 
amino acids, it could affect the biological activity of FSH and LH. Synonymous 
mutations can change the structure of mRNA and as a result, they can also alter 
the initiation of the translation, the stability of the mRNA and protein folding, 
thereby affecting the rate of translation (Kristofich et al., 2018). Thus, the 
mutation might cause a decrease in INHA concentration because of effects on its 





6.2. INHA Role on Body Conformation 
 
Results from this study indicate that there is an association between INHA 
SNP3 and body dimension traits related to body conformation. Body 
conformation involves skeletal muscle and bone. Therefore, the results suggest 
that INHA may affect skeletal muscle and bone. There are some possible 
pathways that could explain this relationship. First, INHA might have an indirect 
effect on skeletal muscle via its role in controlling activin signaling in TGF-β 
pathway. It is known that INHA and activin are TGF-β super family members and 
they share the same pathway (Figure 16). Activin A has been acknowledged for 
its role in controlling skeletal muscle growth, using the same receptor as 
myostatin, which is well known to have a large effect on skeletal muscle (Iizuka et 
al., 2014). In an in vivo study, Chen et al. (2015) also found that endogenous 
Activin A and Activin B regulate muscle mass. Therefore, mutations in INHA 
might also affect skeletal muscle growth. 
 
Figure 16. Simple scheme on interconnection among myokines which 
are TGF-β member (shaded) and non TGF-β member 






It could be suggested that INHA affect skeletal muscle through its blocking 
action of activin signaling in the TGF-β pathway. The blocking action is initiated 
with the binding of INHA to betaglycan and together with the binding of INHB 
(inhibin β subunit) to the type II activin receptor, they form a complex which 
affects the capability of activin to continue its signal transduction (Namwanje and 
Brown, 2016). 
Skeletal bone also affects body conformation. There were some studies (in 
vivo, ex vivo and in vitro) but not in cattle, that suggest Inhibin also has role, not 
only in reproduction, but also in the growth and development of the skeleton 
(Nicks et al., 2009). Studies indicate that bone is actually an endocrine organ and 
some gonadal hormones such as activin A, inhibins and follistatin also affect 
bone. Besides in the gonad expression, activin A later has been found to be 
expressed in bone marrow cells (Gaddy-Kurten et al., 2002), suggesting that 
inhibins will also had role in bone metabolism. The study by Gaddy-Kurten et al. 
(2002) was the first study that indicate that there was an endocrine/paracrine loop 
in which osteoblast and osteoclast development is controlled by inhibin, activin A 
and follistatin in mouse (Figure 17). Once again, inhibins act to block 
osteoblastogenesis, while activin A supports osteoblastogenesis. The same 
mechanism also occurs for osteoclast development. Moreover, in this study 
(Gady-Kurten et al., 2002), it was found that inhibins also inhibit BMP activities in 






Figure 17. Effect of activin, inhibin, and follistatin on 
osteoblastogenesis (Source :Gaddy-Kurten et al., 2002) 
 
Rosen (2006) suggested that the paracrine and autocrine effect of BMPs, 
activin A, chordin, follistatin and gremlin in osteoblast and osteoclast 
differentiation is dominated by gonadal inhibins. However, for bone volume and 
strength, a study had showed INHA could improve these and could avoid the 
bone loss due to orchidectomy (Perrien et al., 2007). 
To conclude, INHA may affect body conformation through its role in skeletal 
muscle and bone development and growth. INHA affects skeletal muscle and 
bone via its interrelationship with activin. Beside its role in reproduction, activin is 
now known to have role in skeletal muscle and bone growth. In addition, INHA as 
one subunit of inhibins that is suggested to enhance inhibition of the activin signal 
transduction process by binding to betaglycan and together with INHB binds with 
activin receptor type II. Moreover, inhibins may also affect BMPs in 
osteoblastogenesis and osteclastogenesis.  
6.3. IGF1 Role on Body Conformation 
 
 The SNP in IGF1 was found to have a significant effect on body height 
and hip height, which are related to body conformation. In vertebrates, insulin-like 





processes and is a mediator of many biological effects. There are many studies 
that have observed an effect of IGF1 gene mutations on growth traits (such as 
birth weight and weaning weight) (Andrade et al, 2008; Reyna e al., 2010; Grossi 
et al., 2013. In addition to the many cellular responses to IGF1 activation (Table 
20; Le Roith et al. 2001), IGF1 also has functions in skeletal muscle and bone 
development and growth, which are important for body conformation. 
Table 20. Cellullar responses to IGF1 activation. 
Function Examples 
Regulation of gene 
expression  
c-fos, c-jun, junB, egr1   
  Osteoblast: Osteopontin, bone sialoprotein, 
procollagen(I), alkaline phosphatase, osteocalcin  
Stimulation of 
myogenesis  
Proliferation precedes differentiation  
  Early activation of cell cycle genes (cyclin D1 and D2)  
  Transient suppression of myogenic factors (myogenin, 
MRF4, myf5)  
Apoptosis  Inhibition of apoptosis in response to environmental 
(e.g., hypoxia) and chemical stimuli (e.g., Fas, 
chemotherapeutic agents, growth factor withdrawal)  
  Multiple pathways involved (AKT/protein kinase B, MAPK) 
leading to BAD dephosphorylation  
Cell cycle 
progression  
Activation of cell cycle genes  
  “G1-progression factor”  
Immune response 
modulation  
Regulation of cytokine production  
  Regulation of cell proliferation (clonal expansion)  







  Interacts with ACTH to stimulate cortisol release from 
adrenocortical cells  
Sex steroid 
production  
IGF-I enhances steroidogenic responsiveness to LH/hCG 
in Leydig cells  
  Stimulates progesterone production in granulosa cells 
Synergistic interaction with FSH and estradiol  
(Source: Le Roith et al.,2001) 
IGF1 mediates its function on skeletal muscle protein synthesis through 
complex PI3K/Akt/mTOR and PI3K/Akt/GSK3β pathways (Figure 18) (Yoshida 
and Delafontaine, 2020). The pathways are initiated by the binding of IGF1 to its 
receptor (IGF-1R) and this binding will phosphorylate phosphoinositide 3-kinase 
(PI3K) followed by Akt. The PI3K/Akt pathway plays a critical role in myotube 
hypertrophy (Schiaffino and Mammuari, 2011). IGF1 also plays role in skeletal 
bone growth and development. IGF1 is a prominent anabolic signal for both 
embryonic and postnatal skeletal development (Tahimic et al., 2013) and IGF1 
signaling is important for chondrocyte differentiation, osteoblast maturation and 
function, and normal bone turnover. 
In this study, the IGF1 SNP was identified in the promoter region of the 
gene. SNPs in the promoter region will not alter the amino acids in the protein. 
However, they might reduce the transcription of the gene or change the binding 
of the transcription factors. Changes in the level of gene expression relate directly 


























In conclusion, there were one SNP for IGF1, four SNPs for INHA and one 
SNP for INHBA gene identified in this study. The SNP in IGF1 was located at the 
5’ upstream region. The INHA SNP1, SNP2, SNP3 and SNP4 were located in 
exon 1 and the INHBA SNP was in an intron. Two SNP of INHA (SNP1 and 
SNP3) were missense variants that caused the substitution of amino acid 
leucine21 by proline (SNP1), whereas the mutation of INHA SNP3 substituted 
amino acid valine63 by methionine (SNP3). The other two INHA SNP were 
synonymous variants. The association between all of the identified SNP with 
semen and external performance traits were analyzed, except for the INHBA 
SNP since its genotype was found to be monomorphic in the Madura bulls. 
There was only one significant association observed between INHA gene 
(INHA SNP4) and sperm viability and no association between IGF1 SNP and 
semen traits in bulls from the Waru, Pasean and Batumarmar districts. However, 
there were significant associations identified between INHA SNP3 and IGF1 SNP 
with chest girth, body height and hip height. These results need to be verified in a 
larger population. 
Among all the identified SNPs, there were three SNPs (INHA SNP1, INHA 
SNP2 and INHA SNP4) found to be the most interesting since there is only one 
bull at SNAIC carrying all their favorable alleles. The bull, named Adikara, is the 
oldest bull at SNAIC. SNAIC still keeps Adikara, despite his age, since he is the 
most preferred bull among the farmers in Madura. Thus, the results herein might 





there is only one bull in Batumarmar, Pamekasan that has the same genotype as 
Adikara (that is, also carried all the favorable alleles for INHA SNP1, INHA SNP2 
and INHA SNP4) and they have the same sire.   
 
7.2 Recommendations 
The results of this study might be the starting point to select superior 
Madura bulls at Pamekasan, especially to select for bulls similar to Adikara in 
phenotype by using the same favorable genotype. However, further studies on 
the IGF1 and inhibin genes should be undertaken in larger populations and using 
more phenotypic traits. It will also be valuable to identify variants for all regions of 
the genes. Furthermore, studies on the function of IGF1 and INHA in male 
reproduction and skeletal muscle and bone growth in cattle need be undertaken, 
for example, by observing gene expression at the mRNA level or by exploring the 
epigenetics. Once the function of the genes is clearly confirmed in larger 
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Appendix 1. Designed PCR primers for SNPs 
Gene Region Primers sequence Amplicon 
Forward Reverse 
IGF1 5’ upstream GAGATCATTCCCCTCATTG CTGCTAATACACCTTACCG 221 
INHA Exon 1 CTATGTGGCTTCAGCTGCTC GGTCTGGGATTCAACCCAAC 358 






Appendix 2. PCR conditions for SNPs 
Gene PCR Conditions  
Pre Denaturation Cycle Denaturation Annealing 
Temperature 
































Appendix 3. SNP allele frequencies in Madura cattle at Pamekasan and 
SNAIC  
SNP name Population Genotype Allele frequencies 
 
IGF1 SNP1 
 GG GT TT G T 
Pamekasan 33 21 4 0.75 0.25 
SNAIC 2 3 0 0.6 0.4 
 
INHA SNP1 
 TT TC CC T C 
Pamekasan 
37 21 0 0.82 0.18 
SNAIC 
1 4 0 0.6 0.4 
 
INHA SNP2 
 AA GA GG A G 
Pamekasan 
56 2 0 0.98 0.02 
SNAIC 
1 4 0 0.6 0.4 
 
INHA SNP3 
 AA GA GG A G 
Pamekasan 
2 8 48 0.10 0.90 
SNAIC 
0 1 4 0.4 0.6 
 
INHA SNP4 
 CC CG GG C G 
Pamekasan 
36 22 0 0.81 0.19 
SNAIC 
1 4 0 0.6 0.4 
 
INHBA SNP1 
 GG AG AA G A 
Pamekasan 58 0 0 1.00 0 
SNAIC 5 0 0 1.00 0 
 
 
 
